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The species composition of fish communities in 15 microtidal estuaries in south-2 
western Australia, ranging from permanently-open to ormally-closed, is shown to be 3 
related to the geomorphological and hydrological regimes and not to environmental 4 
condition. This study then explored the effectiveness of using qualitative taxonomic 5 
distinctness and ABC curves for fish data as indicators of the environmental condition 6 
in nearshore, shallow waters of these estuaries and, in the case of taxonomic 7 
distinctness, also of their offshore, deeper waters. Neither of these indices require 8 
spatial or temporal reference data, which may be either prohibitively expensive and 9 
time-consuming to collect or unavailable. Taxonomic distinctness, in both nearshore 10 
and offshore waters, varied consistently among estuaries in relation to their recorded 11 
environmental status, and is thus a good indicator of verall estuarine condition. ABC 12 
analyses, however, did not prove a good measure of the environmental condition of 13 
the estuaries, because their results largely reflect differences in accessibility of the 14 
estuary to marine estuarine-opportunist species and especially those that grow to a 15 
larger size. It is concluded that taxonomic distinctness indices provide a rapid and 16 
cost-effective method for assessing the environmental condition of estuaries, 17 
particularly those with limited spatial or temporal eference data. 18 
 19 
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1. Introduction 22 
The attributes of a range of biological elements, including fish, have been used widely 23 
to assess the ecological condition, or ‘health’, of estuaries and other aquatic 24 
environments (Roset et al., 2007; Birk et al., 2012; Pérez-Domínguez et al., 2012; 25 
Borja et al., 2016). At the multispecies level, species-dependent multivariate analyses 26 
of abundance data have been shown to be very sensitiv  for detecting differences in 27 
fish community composition in space and over time (Dawson-Shepherd et al., 1992; 28 
Valesini et al., 2014; Veale et al., 2014; Potter e al., 2016). In general, however, these 29 
methods are used simply to detect differences in composition and offer no value 30 
judgement on environmental quality. Although a few possible approaches to the 31 
measurement of community stress employing multivariate methods have been 32 
suggested (Warwick and Clarke, 1993a), the use of phylum-level meta-analysis and 33 
breakdown of seriation patterns are inappropriate for fish as the members of this taxon 34 
are all located in a single phylum and are motile rather than sedentary. Furthermore, 35 
multivariate dispersion has only been employed for the resident fish species on coral 36 
reefs (Warwick and Clarke, 1993b). Instead, species-independent methods that are 37 
rather less sensitive, such as diversity indices e.g. Shannon-Weiner (Strong, 2016), 38 
have been used as fish-based indices of environmental condition. 39 
A wide variety of these indices have used fish data to ssess the ecological 40 
quality of estuaries and other transitional waters, ither singly or in combination as 41 
multimetric indices (e.g. Bortone et al., 2005; Marques et al., 2009; Birk et al., 2012; 42 
Pérez-Domínguez et al., 2012). Such indices have employed, inter alia, data on the 43 
diversity and abundance of species, the numbers and proportions of trophic, life-44 
history and/or habitat-use guilds, and morphological, physiological or immunological 45 
condition (Delpech et al., 2010; Richardson et al., 2011; Hallett et al., 2012). They are 46 
typically based on a variant of the reference condition approach (Bailey et al., 2004; 47 
Hawkins et al., 2010), whereby pristine, least impacted or best available reference 48 














establish the reference points against which ecological condition can be quantified 50 
(Stoddard et al., 2006; Borja et al., 2012). 51 
The use of reference conditions has a number of limitations. 1) a pristine state 52 
may not represent an appropriate reference point against which potentially impacted 53 
sites or systems can be evaluated because it is an unrealistic target for management, 54 
since the vast majority of estuaries have been subjected to anthropogenic influences 55 
(ICES, 2002; Kopf et al., 2015). 2) Environmental conditions in estuaries are highly 56 
dynamic, can change dramatically and unpredictably t different times of the year, 57 
and vary among their regions (Elliott and Quintino, 2007). Multimetric indices 58 
typically account for the last issue through setting spatially and temporally-adjusted 59 
reference conditions (Teixeira et al., 2008; Hallett et al., 2012). However, this requires 60 
the collection of extensive data sets that incorporate samples from across the extent of 61 
the estuary at multiple time points (Muxika et al.,2007; Borja et al., 2012), and which 62 
are thus relatively expensive and time-consuming to compile. The two indices used in 63 
the current study, i.e. taxonomic distinctness and Abundance Biomass Comparison 64 
(ABC) curves, adopt different approaches by setting reference conditions that do not 65 
require extensive spatial or temporal data for establi hing a baseline (Warwick and 66 
Somerfield, 2015). Furthermore, the best metrics or indicators of ecological 67 
degradation are those that are not, or are only minimally, affected by natural 68 
variability, but are sensitive to anthropogenic disturbance (Kurtz et al., 2001; Rice, 69 
2003; Pérez-Domínguez et al., 2012), properties that have been claimed to apply to 70 
the above two indices (Warwick and Clarke, 1998; Warwick, 2008; Tweedley et al., 71 
2015). 72 
Taxonomic distinctness measures have been used to assess the ecological 73 
status of many groups of terrestrial, freshwater and marine organisms, including fish 74 
in freshwater (Bhat and Magurran, 2006) and marine e vironments (Rogers et al., 75 
1999a; Stobart et al., 2009; Campbell et al., 2010; Shan et al., 2010; Tolimieri and 76 
Anderson, 2010; Zintzen et al., 2011; Barjau-Gonzále  et al., 2016), but hitherto not 77 














macroinvertebrates, and less well explored with other biota. It has been used 79 
successfully, however, to indicate environmental impacts on fish assemblages in 80 
freshwater (Coeck et al., 1993; Penczak and Kruk, 1999; Pinto et al., 2006; Piperac et 81 
al., 2015), estuarine (Ecoutin et al., 2010; Viana et al., 2012) and marine 82 
environments (Rogers et al., 1999b; Blanchard et al., 2004; Jouffre and Inejih, 2005; 83 
Yemane et al., 2005). 84 
 Along the microtidal coast of south-western Australia, some estuaries remain 85 
permanently-open, whereas others become either intermit ntly-open, seasonally-open 86 
or normally-closed through the formation of a sand bar at their mouths, which 87 
prevents exchange of water with the ocean (Chuwen et al., 2009; Potter et al., 2010; 88 
Tweedley et al., 2016b). The condition of the estuaries in south-western Australian 89 
has been shown to vary markedly through using indices, including taxonomic 90 
distinctness, that employ data for their benthic macroinvertebrate faunas (Wildsmith 91 
et al., 2009; 2011; Tweedley et al., 2012; 2014; 2016b). There have been no 92 
comparable studies using fish as indicators of estuarine health and, since fish are 93 
mobile as opposed to sedentary and often represent sp cies spawned at sea, there is no 94 
a priori reason why the indices should necessarily fol ow the same trend. 95 
The aims of this paper are twofold. First, to use multivariate methods to 96 
compare the composition of fish species in a range of stuaries along the south-97 
western Australian coast to determine whether the ic thyofaunas of these estuaries 98 
group according to estuary type, i.e. permanently-open, intermittently-open, 99 
seasonally-open and normally-closed, and/or with the purported environmental 100 
condition of these estuaries, i.e. near-pristine through to extensively modified. 101 
Second, to investigate whether taxonomic distinctness and ABC curves are effective 102 
indicators of the extent of degradation among a range of estuaries.  103 
 104 
2. Materials and Methods 105 














Abundance values were obtained from published sources for each fish species 107 
recorded in nearshore, shallow and offshore, deeper waters at sites throughout 15 108 
estuaries along ~1,200 km of the south-western Australian coast (Table 1; Fig. 1). 109 
Biomass data for nearshore waters were also available for each of these systems 110 
except the Hardy and Walpole-Nornalup estuaries. These data had been collected 111 
seasonally from numerous sites throughout each system over two years. Nearshore 112 
waters were sampled during daylight hours using a 21.5 m seine net, which comprised 113 
two 10 m-long wings (6 m of 9 mm mesh and 4 m of 3 mm mesh) and a 1.5 m-long 114 
bunt (3 mm mesh), swept an area of 116 m2 and fished to a maximum depth of 1.5 m. 115 
Offshore waters were sampled at night using a 160 m–long, sunken gill-net, which 116 
consisted of eight panels that were 20 m long and 2 m high, each with a different 117 
mesh size, ranging from 38 to 127 mm (Table 1).  118 
Assessment of the environmental condition of these 15 estuaries was taken 119 
from The Australian Catchment, River and Estuary Asses ment (Commonwealth of 120 
Australia, 2002), which classified Australian estuaries according to the degree to 121 
which they had been modified from the pristine state, based on a number of criteria 122 
relating to the condition of the catchment, estuarine use and ecology (Table 2). The 123 
four categories are: near-pristine (NP), largely unmodified (LU), modified (M) and 124 
extensively modified (EM). 125 
 126 
2.2. Statistical analyses 127 
As some of the fish species found in estuaries around the world enter those 128 
systems incidentally and for short periods of time, they are regarded as marine 129 
stragglers and are thus neither facultative nor obligate users of the estuary (Potter et 130 
al., 2015a,b). While the species in this guild can make a substantial contribution to the 131 
total number of species in an estuary, each is typically present only in low numbers. 132 
Across the 15 estuaries, marine stragglers accounted for 75 (57%) of the 131 species 133 
recorded in nearshore waters and 55 (58%) of the 95 species in offshore waters. The 134 














were marine stragglers. This guild only comprises 0.3% of the total number of 136 
individuals in the permanently-open Peel-Harvey Estuary on the lower west coast of 137 
Australia for example (Potter et al., 2016), and less than 0.1% in the seasonally-open 138 
to normally-closed Broke, Irwin, Wilson and Wellstead systems on the south coast 139 
(Hoeksema et al., 2009; Fig. 1). Marine stragglers are therefore not considered to 140 
contribute meaningfully to any representation of the condition of estuaries, 141 
particularly as they also spawn at sea. For the purposes of this study, the data for 142 
species in the marine straggler guild have therefore been omitted from all analyses. 143 
 144 
Community composition 145 
Each species in both nearshore and offshore waters of the 15 estuaries, except 146 
marine stragglers, was recorded as present or absent to provide a direct comparison 147 
with the taxonomic distinctness analyses described below, which also use 148 
presence/absence data. Fourth-root transformed specie  omposition and 149 
presence/absence data for fish species in nearshore and offshore waters were used to 150 
construct separate Bray-Curtis similarity matrices. Each of these was then subjected to 151 
non-metric Multidimensional Scaling (nMDS; Clarke, 1993) ordination to provide a 152 
visual indication of the differences in ichthyofaunl composition among estuaries. The 153 
points of the resultant nMDS plots were coded according to i) estuary type and ii) 154 
estuary condition category (see Fig. 1). Note that the relationships between 155 
community composition and the estuary type/estuary condition category were not 156 
tested statistically as there was insufficient replication at the estuary level. For 157 
example, Broke Inlet was the only estuary among 34 in south-western Australia 158 
whose condition was classified as near-pristine (Comm nwealth of Australia, 2002; 159 
Fig. 1). 160 
 161 
Qualitative taxonomic distinctness 162 
A group of biodiversity measures, which are independent of species richness, 163 














anthropogenic disturbance, considers the taxonomic relatedness of species in the 165 
assemblage (Warwick and Clarke, 2001 and references within). It is well known that, 166 
in impacted assemblages of organisms, the taxonomic spread of species is reduced 167 
and, in extreme cases, may only contain sibling species belonging to the same genus, 168 
or at least very closely related species (Warwick and Clarke, 2001). On the other 169 
hand, unimpacted assemblages have a wider taxonomic spread and the species belong 170 
to many different genera, families, orders, classes and phyla. The measures used here 171 
are the average path length or taxonomic distance between every pair of species, 172 
traced through a taxonomic classification, i.e. aver g  taxonomic distinctness (∆+), 173 
and the variability in the path lengths between species, i.e. variation in taxonomic 174 
distinctness (Λ+). Thus, a low ∆+ and/or high Λ+, may indicate a response of the 175 
assemblage to perturbation (Warwick and Clarke, 2001). With this method, the 176 
species complement at any particular time or locatin is compared with a master list 177 
or inventory of species encompassing the appropriate egion/biogeographic area (i.e. 178 
regional species pool), to determine whether the observed subset of species is 179 
representative of the biodiversity expressed in the full species inventory. For both of 180 
these indices there are permutation tests for the significance of departure from 181 
expectation under specific null hypothesis conditions (Warwick and Clarke, 2001), 182 
which can act as a reference against which the status of samples can be assessed, 183 
rather than using local comparisons with extensive patial and/or temporal sample 184 
data.  185 
The 21.5 m nearshore seine net and 160 m offshore gill net employed in the 186 
present study sample different habitats and thus largely different suites of species. 187 
Therefore, ∆+ and Λ+ have been determined separately for the samples colected by 188 
each method. The full suite of 65 ‘non-straggler’ species recorded in the 15 estuaries 189 
(the regional species pool) was subjected to TAXDTES  (Clarke et al., 2014) to 190 
determine the ‘expected’ value and 95% probability limits for ∆+ and Λ+ in random 191 
subsamples of different numbers of species drawn from the pool. These data were 192 














nearshore and offshore waters of each estuary were sup rimposed, to compare values 194 
for each estuary, to test for any significant departures from expectation, i.e. values that 195 
lie outside the funnel (Warwick and Clarke, 2001) and to determine if they are related 196 
to estuarine condition. The taxonomic levels used wre species, genus, family, order 197 
and class, with step-lengths between each level detrmined by the percentage loss in 198 
taxon richness (Clarke and Warwick, 1999), with taxon frequency used for the 199 
simulation test (Clarke and Gorley, 2015).  200 
 For both the nearshore and offshore samples, ∆+ and Λ+ were averaged for 201 
each of the four estuary conditions and separately for the four estuary types and 202 
displayed as scatterplots with a trendline. 203 
 204 
Abundance Biomass Comparison 205 
The Abundance Biomass Comparison (ABC) method (Warwick, 1986) is 206 
underpinned by classical theory of r- and K-selection, and involves plotting separate 207 
dominance curves for abundance and biomass on a cumulative scale (y-axis) against 208 
the species ranked, on a logarithmic scale (x-axis), in order of importance according to 209 
these two attributes. The contention of this method, which requires no reference 210 
control samples in space or time, is that the degree of environmental perturbation is 211 
reflected in the positions of the two curves relative to each other. Thus, in an 212 
unperturbed state, assemblages are characterized by conservative, K-selected species 213 
(large body size and long lifespan) that are dominant in terms of biomass, but not 214 
abundance, resulting in the elevation of the biomass curve relative to the abundance 215 
curve throughout its length. Severe disturbance, as seen in many anthropogenically-216 
modified environments, favours opportunistic, r-selected species (small body size, 217 
short life span), such that they dominate in terms of abundance, but not biomass, and 218 
the abundance curve lies above the biomass curve. Under more moderate perturbation, 219 
the large competitive dominants are eliminated, but there is no population explosion 220 
of small opportunists; the biomass and abundance curves are closely coincident and 221 














Furthermore, ABC plots may be reduced to a single summary statistic. If the 223 
abundance (A) values are subtracted from the biomass (B) values for each species rank 224 
in the ABC curve, the sum of the B−A values across the ranks will be strongly 225 
positive in the unperturbed case, approaching zero when the curves are closely 226 
coincident, and strongly negative when they are transposed. The summation is 227 
standardized to a common scale to allow comparisons between samples with differing 228 
numbers of species (S), most commonly via the W-statistic (Clarke, 1990): 229 
 =	∑  − 	
	

 / [50(S - 1)] 230 
In the current study, the total number and weight of each species in the 21.5 m seine 231 
net samples from 13 of the estuaries (biomass data were not available for the Hardy 232 
and Walpole-Nornalup estuaries), averaged over all sites of each, were summed and 233 
used to construct separate ABC curves and W-statistics. The W-statistics were 234 
averaged for each of the four estuary conditions and separately for the four estuary 235 
types and displayed as scatterplots with a trendline. It was not appropriate to use the 236 
gill net samples for ABC analyses as biomass data were not available for six of the 15 237 
estuaries and the other nine estuaries contained six or less species. 238 
 239 
3. Results 240 
3.1. Community composition 241 
nMDS ordination plots, derived from presence/absence of fish species in 15 estuaries, 242 
show that the species composition of the ichthyofauna in both the nearshore and 243 
offshore waters of these systems is related to estuary type (Fig. 2a,c). The samples 244 
from each of the four estuary types form groups, with their sequence from left to right 245 
on the plot following the geomorphological sequence from permanently-open to 246 
normally-closed, with intermittently- and seasonally-open estuaries occupying an 247 
intermediate position. Superimposition of the estuary condition onto these plots 248 
provides no indication that the ichthyofaunas of estuaries with the same ecological 249 














abundances of species (data not shown) showed essentially the same pattern as that of 251 
presence/absence data (Fig. 2). Thus, estuary type has an overriding influence on fish 252 
community composition. 253 
 254 
3.2. Qualitative taxonomic distinctness 255 
Values for ∆+ and Λ+ in both nearshore and offshore waters of each estuary 256 
fall within the 95% probability limits of their respective funnels, except for the 257 
nearshore waters of the Moore River Estuary, which falls below these limits for ∆+ 258 
and above for Λ+, constituting the only significant departure from expectation (Fig. 3). 259 
Nevertheless, there is a trend for ∆+ to decrease and for Λ+ to increase along the 260 
sequence of deteriorating environmental condition from near-pristine → largely 261 
unmodified → modified → extensively modified, the trend for Λ+ better defined for 262 
nearshore than offshore waters (Fig. 3).  263 
The mean values of ∆+ for both the nearshore and offshore waters of each 264 
estuary condition category show a conspicuous declin  through the sequence of 265 
estuary condition categories, whereas the values of Λ+ increase consecutively (Fig. 266 
4a-d). On the other hand, there was no trend when t values of ∆+ and Λ+ for the 267 
nearshore and offshore waters of each estuary were cat gorized in terms of 268 
connectivity to the ocean, i.e. permanently-open through to normally-closed (Fig. 4e-269 
h).  270 
 271 
3.3. Abundance Biomass Comparison 272 
The trends exhibited by the ABC configurations in the 13 estuaries, for which 273 
there were both abundance and biomass data, are not lated to their estuary condition. 274 
The only two estuaries with undisturbed ABC configurations (i.e. biomass curve 275 
entirely above abundance curve) and positive W-statistics are two permanently-open 276 
estuaries on the lower west coast of Australia, i.e. the Swan-Canning and Leschenault 277 
estuaries (Fig. 5), both of which represent the extensively modified category. The 278 














abundance and biomass curves closely coincident and/or crossing) or grossly 280 
disturbed configurations (i.e. abundance curve entir ly above biomass curve), and 281 
thus have negative W-statistic values. These include Broke Inlet, the only estuary in 282 
south-western Australia that had been classified as near-pristine, and the Irwin 283 
Estuary, which is classified as largely unmodified.  284 
Mean values of the W-statistic for the four estuary conditions showed no trend 285 
with increasing degradation (Fig. 6a). The patterns exhibited by the ABC 286 
configurations are also not sequentially related to estuary type (permanently-open, 287 
intermittently-open, seasonally-open or normally-closed). Nevertheless, the average 288 
value for permanently-open estuaries was positive (~ 0.02) and far greater than for the 289 
other three estuary types (~-0.08 to -0.05; Fig. 6b)  290 
 291 
4. Discussion 292 
4.1. Community composition 293 
In this study, multivariate analyses of data collected over several years in each of the 294 
15 estuaries studied in south-western Australia show clear and robust differences 295 
among the composition of fish communities in those e tuaries and that these are 296 
related to estuary type. This parallels the situation in microtidal estuaries in South 297 
Africa (Harrison and Whitfield, 2006, 2008). In contrast, there is no indication that the 298 
ichthyofaunal composition of the south-western Australian estuaries is related to their 299 
environmental condition, as classified in the Australian Catchment, River and Estuary 300 
Assessment (Commonwealth of Australia, 2002). This indicates that the influence of 301 
estuary type is so strong that it confounds any potential signal of estuary condition.  302 
 303 
4.2. Qualitative taxonomic distinctness 304 
Taxonomic distinctness measures for fish follow a trend for ∆+ to decrease and 305 
Λ
+ to increase with declining estuarine environmental s tus. Encouragingly, as has 306 
previously been claimed for these biodiversity indices (Warwick and Clarke, 1998, 307 














i.e. fine-mesh seine netting in shallow waters or carse-mesh gill netting in deeper 309 
waters. Although the trends are clearly evident when the mean values of ∆+ and Λ+ 310 
are considered in relation to the estuary condition (Fig. 4), an individual estuary 311 
occasionally has taxonomic distinctness values larger or smaller than of other 312 
estuaries of the same condition, particularly in the case of offshore gill net samples 313 
(Fig. 3). 314 
The relationships between qualitative taxonomic distinctness and estuary 315 
condition for fish in south-western Australian estuaries parallels that exhibited by 316 
benthic macroinvertebrates in four of those estuaries in the same region (Tweedley et 317 
al., 2012). Although ichthyofaunal composition differs among estuary types, there 318 
was no relationship between increasing connectivity to the ocean, i.e. from 319 
permanently-open through to normally-closed, and taxonomic distinctness. This 320 
parallels the situation recorded for benthic macroinvertebrates in four of these 321 
estuaries in south-western Australia and 13 others in South Africa (Tweedley et al., 322 
2012). These findings confirm earlier suggestions that hese indices are not, or only 323 
minimally, affected by natural variability or sampling methodology, but are sensitive 324 
to anthropogenic disturbance (Warwick and Clarke, 1998, 2001; Leonard et al., 2006). 325 
The correspondence between the trends in taxonomic distinctness in nearshore and 326 
offshore waters of a given estuary reinforces that fact that, irrespective of water depth, 327 
this measure provides a reliable measure of estuary condition.  328 
 329 
4.3. Abundance Biomass Comparison 330 
A potential problem with using fish assemblages as indicators of the 331 
environmental condition of estuaries is that, unlike taxa such as benthic infauna that 332 
are obligate components of the estuarine biota withextremely limited mobility, the 333 
fish faunas of estuaries contain large numbers of mobile marine species that move in 334 
and out of the estuary, constituting the marine estuarine-opportunist guild (Potter et 335 
al., 2015a). The abundance and biomass of such specie  can be driven by changes that 336 














of estuarine condition. Although facultative users of the estuary, there is a selective 338 
advantage for these species to utilise sheltered, pro uctive estuarine areas as nurseries 339 
(Blaber and Blaber, 1980; Beck et al., 2001; Sheaves et al., 2014; Nagelkerken et al., 340 
2015), providing they offer a more beneficial environment than adjacent nearshore 341 
marine waters. This contrasts with species of the marine straggler guild, which make a 342 
substantial contribution to the number of species within an estuary, but essentially 343 
enter estuaries by chance and typically in low numbers (Potter et al., 2016; Tweedley 344 
et al., 2016b) and would thus not reflect the health of the system. 345 
It was particularly conspicuous that, unlike taxonomic distinctness, the W-346 
statistic, calculated from the ABC curves, for the 13 estuaries for which there were 347 
both abundance and biomass data, did not change sequentially with deteriorating 348 
estuary condition, i.e. from near-pristine to extensively modified. Furthermore, the W-349 
statistics were negative for 11 of the estuaries, have shown that the ichthyofaunas are 350 
dominated by abundance rather than biomass. It is thus relevant that numerous studies 351 
have shown that the fish faunas in nearshore waters throughout south-western 352 
Australia are dominated by small, short-lived species of atherinids and gobiids 353 
(Valesini et al., 2014; Veale et al., 2014), with for example 92.9 to 99.7% of all fish 354 
caught in the nearshore waters of five estuaries on the south coast of Western 355 
Australia belonging to these two families (Hoeksema et l., 2009). 356 
The question then arises as to why the W-statistics for the Leschenault and 357 
Swan-Canning estuaries were positive, i.e. these two systems are dominated by 358 
biomass rather than abundance. The species responsible for the biomass domination 359 
were relatively long-lived marine estuarine-opportunists (sensu Potter et al., 2015a), 360 
e.g. Torquigener pleurogramma, Mugil cephalus and Aldrichetta forsteri and 361 
members of the small suite of larger bodied estuarine species, e.g. Acanthopagrus 362 
butcheri, Platycephalus westraliae and Amniataba caudavittata. The relatively greater 363 
abundance of marine estuarine-opportunists is clearly related to these two estuaries 364 














In contrast to the positive W-statistics for the Swan-Canning and Leschenault 366 
estuaries, the value for the Peel-Harvey Estuary, which is also permanently-open and 367 
located between those two estuaries on the west coa, is marginally negative. This is 368 
attributable in part to two species, i.e. the estuarine resident Atherinosoma elongata 369 
and the marine estuarine-opportunist Hyperlophus vittatus, both of which are small-370 
bodied, ranking second and third in terms of biomass. It is initially surprisingly that 371 
the W-statistic for Oyster Harbour, the only other p manently-open estuary for which 372 
there were biomass data, was the most negative of all 13 estuaries. This can be 373 
explained by the location of this estuary at the inner end of a large marine embayment 374 
and consequently it does not open directly into the oc an. Thus the numbers of marine 375 
estuarine-opportunists are limited and the estuary is dominated by small-bodied 376 
estuarine species representing three species of the At rinidae and three of the 377 
Gobiidae (Hoeksema et al., 2009). From the above it follows that, while ABC results 378 
do not reflect the environmental condition of estuaries, they do reflect, to a certain 379 
degree, differences in accessibility of the estuary to marine estuarine-opportunist 380 
species and particularly those of a larger size. 381 
For ABC analysis to provide an accurate indication f environmental 382 
condition, the sampling regime must obtain a representative sample of organisms 383 
across their full size range (Warwick, 1986). In the current study, ABC analyses were 384 
based, however, on samples from just nearshore, shallow waters (< 1.5 m deep), 385 
which are dominated by small-bodied species (Hoeksema t al., 2009; Potter et al., 386 
2016; Yeoh et al., 2017). In contrast, the offshore, deeper waters typically contain far 387 
greater numbers of larger-bodied individuals (Paterson and Whitfield, 2000; Munsch 388 
et al., 2016). Although this selectivity could be reduced by using a larger seine or 389 
purse seine, it would still be difficult to obtain samples from deeper waters using a 390 
comparable sampling regime, recognizing that gillnetti g of such water is a different 391 
and passive form of sampling. In contrast to the prsent study, ABC analyses were 392 
able to demonstrate the presence of anthropogenic effe ts, i.e. pollution and fishing 393 














Rogers et al., 1999b). This was due to the ability in those studies to sample the entire 395 
fish community by electrofishing and fine-mesh trawling, respectively. 396 
 397 
5. Conclusion 398 
Qualitative taxonomic distinctness indices have proved to be good indicators 399 
of the relative overall environmental condition in both nearshore, shallow and 400 
offshore, deeper waters of 15 microtidal estuaries in south-western Australia, ranging 401 
in type from permanently-open through to normally-cosed. This trend parallels that 402 
exhibited by benthic macroinvertebrates. In contrast, ABC results do not reflect the 403 
environmental condition of the nearshore waters of these estuaries, because these 404 
environments are dominated by small species belonging, n particular, to the 405 
Atherinidae and Gobiidae. They do reflect, however, differences in the accessibility of 406 
the estuary to marine estuarine-opportunist species, which typically attain a larger size 407 
than species of atherinid and goby.  408 
This study highlights the importance of understanding the biology of the 409 
species involved when interpreting the results of ABC analyses, as was also shown for 410 
benthic macroinvertebrates by Warwick and Clarke (1994). It also demonstrates that 411 
qualitative taxonomic distinctness indices provide a rapid and cost-effective method 412 
for assessing the environmental condition of estuaries, especially those with limited 413 
spatial or temporal reference data. The potential value of these indices is worthy of 414 
further investigation in other geographical areas and in estuaries with different tidal 415 
regimes from those of south-western Australia. 416 
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Fig.1. Map of south-western Australia showing the location, environmental condition 
(colour; Commonwealth of Australia, 2002) and estuary type (shape; Brearley, 2005) of each 
of the 47 estuaries in the region. Shaded grey area denotes the south-west drainage division. 
The 15 estuaries studied are symbolized with an asterisk. Note that Princess Royal Harbour is 
not an estuary (sensu Potter et al., 2010), but was included in the assessment of estuarine 
condition. 
 
Fig. 2. Non-metric Multidimensional Scaling ordination plots of the samples from the 15 
estuaries, derived from presence/absence data for species according to a) estuary type and b) 
state of environmental condition in nearshore waters and c) estuary type and c) state of 
environmental condition in offshore waters. PO, permanently-open; IO, intermittently-open; 
SO, seasonally-open; NC, normally-closed; NP, near-pristine; LU, largely unmodified; M, 
modified; EM, extensively modified. Letter codes for estuaries given in Table 1. 
 
Fig. 3. Funnel plots for ∆+ (average taxonomic distinctness) and Λ+ (variation in taxonomic 
distinctness) with values for 15 estuaries labelled and superimposed. a) nearshore  ∆+, b) 
nearshore  Λ+, c) offshore ∆+, d) offshore Λ+. Letter codes for estuaries given in Table 1. 
 
Fig. 4. Scatterplots of the mean values of ∆+ (average taxonomic distinctness) and Λ+ 
(variation in taxonomic distinctness) in each of the four environmental condition categories,  
a) nearshore ∆+, b) offshore ∆+, c) nearshore Λ+ and d) offshore Λ+ and each of the four 
estuary types,  e) nearshore ∆+, f) offshore ∆+, g) nearshore Λ+ and h) offshore Λ+. NP, 
near-pristine; LU, largely unmodified; M, modified; EM, extensively modified. PO, 
permanently-open; IO, intermittently-open; SO, seasonally-open; NC, normally-closed. 
  
Fig. 5. ABC plots and W-statistics, based on means for abundance () and biomass () of 













available. Estuaries ordered from lowest, i.e. negative (worst condition) to highest, 
i.e. positive (best condition). Coloured symbols represent the type of estuary and its 
environmental condition. NP, near-pristine; LU, largely unmodified; M, modified; EM, 
extensively modified. PO, permanently-open; IO, intermittently-open; SO, seasonally-open; 
NC, normally-closed. 
 
Fig. 6. Scatterplots of the mean values of the W-statistic for each of the (a) four 
environmental condition categories and (b) four estuary types. NP, near-pristine; LU, largely 
unmodified; M, modified; EM, extensively modified. PO, permanently-open; IO, 















Table 1. Coast, estuary type, environmental condition and data sources for the 15 estuaries 
for which qualitative taxonomic distinctness and Abundance Biomass Comparison curves 
were calculated. Estuary type: PO, permanently-open; IO, intermittently-open; SO, 
seasonally-open and NC, normally closed. Environmental condition: NP, near-pristine; LU, 
largely unmodified; M, modified and EM, extensively modified (see Table 2 for criteria used 
in the assessment). Letters in parentheses indicated code for each estuary used in Figs 2,3. 
 
System Coast Type Condition Data sources 
Moore River Estuary (M) West IO EM 
Young et al. (1997);  
I. Potter, unpublished data 
Swan-Canning Estuary (S) West PO EM Valesini et al. (2009); (2014) 
Peel-Harvey Estuary (P) West PO EM Valesini et al. (2009); (2014) 
Leschenault Estuary (L) West PO EM Veale et al. (2014) 
Vasse-Wonnerup Estuary (V) West IO EM 
Tweedley et al. (2014a); 
Cottingham et al. (2015) 
Hardy Inlet (Hd) 
(Blackwood River Estuary) 
South PO M Valesini et al. (1997) 
Broke Inlet (B) South SO NP 
Valesini et al. (2009); 
Tweedley (2011) 
Walpole-Nornalup Estuary (WN) South PO LU D. Yeoh, unpublished data 
Irwin Inlet (I) South SO LU 
Chuwen et al. (2009a); 
Hoeksema et al. (2009) 
Wilson Inlet (W) South SO M Valesini et al. (2009); (2014) 
Oyster Harbour (O) South PO EM 
Chuwen et al. (2009a); 
Hoeksema et al. (2009) 
Wellstead Estuary (We) South NC M Valesini et al. (2009); (2014) 
Hamersley Inlet (H) South NC M Hoeksema et al. (2006) 
Culham Inlet (C) South NC EM Hoeksema et al. (2006) 














Table 2. Criteria used by the National Land and Water Resources Audit in their assessment 

















No known gross 
impacts from land 
use 
Documented 
impacts from land 
use 
Documented 
impacts from land 
use throughout 
rivers and estuary 
Catchment 
hydrology 





















No impediments to 















Major changes to 





Wetlands intact in 
vegetation and 
hydrology, no 
alterations to flood 
pattern 
Wetlands mostly 
intact in vegetation 
and hydrology, no 











































Pests and weeds 
Minimal impact on 
estuary from 
catchment weeds 
and limited pests 
and weeds within 
estuary 
Minimal impact on 
estuary from 
catchment weeds 
and limited pests 
and weeds within 
estuary 
Significant impact 
on estuary from 
catchment weeds 
and impact on 
estuarine ecology 




on estuary from 
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NP LU M EM
(a) nearshore (c) offshore
(b) nearshore (d) offshore
NP LU M EM



























PO IO SO NC
(e) nearshore (g) offshore





















































































































































































































NP LU M EMEstuary condition:
Abundance Biomass





























































• This study addresses the issue of reference conditions for ecological indicators. 
• Taxonomic distinctness indices for fish reflect differences in estuarine condition. 
• The ABC method was not a good indicator of estuarine condition. 
• ABC reflected accessability of the estuary to marine species from the ocean. 
 
